Coprophagy, a behavior in which an animal reingests its own excreted feces, has been reported in the sportive lemur [5] , marmoset [15] , horse [27] , rabbit [19, 21] , rat [22] , guinea pig [29] , chinchilla [17] , mongolian gerbil [28] , lemming [31] , beaver [20] , and shrew [25] , among others. Studies concerning coprophagy carried out predominantly using rabbits [13, 23] and rats [2, 3] in the 1940's to 1960's indicated that its physiological significance lies in the utilization of bacterial proteins and B-vitamins or vitamin K synthesized by microorganisms in the large intestine.
On the other hand, diets for experimental animals have been improved as advances have been made in the field of nutrition, and nutritionally balanced diets have become available recently.
Considering this nutritional background, it now seems neccessary to reevaluate the physiological significance of coprophagy and furthermore to conduct a systematic study on coprophagy, a project not yet undertaken.
Thus, several species of available experimental animals were first observed in detail for coprophagy ; then a series of experiments on coprophagy was conducted using mice, because they are the animals most used in a wide variety of biological studies today. In the present paper, coprophagy will be described chiefly from the standpoint of nutrition, behavior and relation to intestinal flora.
II. Characteristics of coprophagy in several species of experimental animals Coprophagy by mice, rats, Syrian and Chinese hamsters, European voles, guinea pigs, chinchillas and rabbits, reared on nutritionally balanced pellet diets, was observed. Daily frequency of coprophagy and rates of occurrence of coprophagy in the light phase are shown in Table 1 . In almost all cases, IVCS [32] mice reingested feces by holding them with their forelimbs after taking feces directly from the anus with the mouth. Wistar rats exhibited behavior similar to that of mice when young, but adult animals were inclined to take just excreted feces adhering to the wiremesh floor of the cage, indicating that a large size wire-mesh floor would prevent coprophagy by rats since the feces would drop through the floor. Syrian hamsters bent the upper half of their body to the anus at each defecation and took feces in a sitting position. Chinese hamsters displayed almost the same frequency of coprophagy as Syrian hamsters, but their behavior resembled that of mice. European voles exhibited a low frequency of coprophagy compared to the number of feces excreted which ranged from 500 to 600 per animal per day. This low frequency is attributable to the anatomical characteristics of the stomach [1] , that is, the forestomach of voles functions like the rumen, and anaerobic fermentation is always occurring in it. It is well known that coprophagy is vigorously engaged in hindgut fermenters such as rabbits or guinea pigs, whereas f oregut fermenters such as ruminants, which are able to obtain volatile fatty acids, vitamins and bacterial protein synthesized by microorganisms inthe stomach, appear to get along withput coprophagy [181. Both guinea pigs and chinchillas exhibited vigorous coprophagy. This similarity may be attributable to the fact that these species are taxonomically related and have common dietary habits. Rabbits, the best known coprophagous animals, have been reported to excrete two types of feces, that is, soft feces, which are reingested, and hard feces, which are discarded. The "colonic separation mechanism" proposed by Bjornhag [4] seems to play an important role in the formation and excretion of both feces.
Interestingly, in the study it was found that young adult Japanese white rabbits reingest their hard feces directly from the anus, as well as their soft feces. It appears that coprophagy is triggered by the feces themselves, present inside and expanding outside the colonic or rectal wall, and that physical differences between the hard and soft feces would hardly be important in triggering coprophagy.
As shown in Table 1 , the rates of occurrence of coprophagy in the light phase exceed 50% in all the animal species, suggesting that coprophagy is not synchronized with feeding or drinking in these nocturnal animals.
III. Coprophagy in the mouse 1. Characteristics of coprophagy 1) Strain differences : Coprophagy was observed in four strains, ICR, C3H/He, C57BL/6 and BALB/c, in addition to IVCS mice, in order to determine whether strain differences exist. Because ICR mice of both sexes exhibited the highest frequency of coprophagy, the ICR strain was selected as the most suitable for subsequent experiments.
2) Lifelong coprophagy in male mice : Changes in coprophagy with age were investigated in male mice throughout their life span [8] . Sucklings exhibited coprophagy at age 17 to 18 days, i. e., a few days after they began to excrete feces autonomously. The number of fecal pellets reingested peaked at 5 to 6 weeks old, 13 pellets/day, and gradually decreased thereafter, 2.1 pellets at 78 weeks old, 1.5 pellets at 104 weeks old (Fig. 1) . The diurnal pattern of coprophagy also changed with age.
Growing mice showed vigorous coprophagous activity in both the light and dark phases, whereas animals over 30 weeks old exhibited less activity in both phases, especially in the dark phase. Feces proved to be abundant in vitamin B12 and folic acid throughout the life span. These results suggest that the frequency of coprophagy changes in association with the nutritional requirements of mice during the process of growth or aging. 3) Coprophagy in female mice in the reproductive stage : Coprophagy in female mice was observed predominantly in the reproductive stage [91. Female mice exhibited coprophagy more frequently during pregnancy and reingested larger amounts of feces during pregnancy and lactation than when they were not pregnant (Fig. 2) . Their feces were found to be rich in vitamin B12 and folic acid, however, there were no marked fluctuations in the levels of either vitamin in the feces during pregnancy or lactation compared to levels when the animals were not pregnant.
Increases in coprophagy during pregnancy and lactation seemed to be correlated with the increased nutritional requirements of females during the reproductive stage.
Based on the findings in both male and female mice, it appeared that coprophagy increases in proportion to rises in the nutritional requirements of mice.
2. Nutritional significance of coprophagy 1) Analyses of fecal constituents : In order to investigate coprophagy from the standpoint of nutrition, fecal constituents were analyzed in freeze-dried samples [61. Feces were collected from 7 : 00 to 11: 00 and from 19 : 00 to 23 00. Inorganic elements and crude fibers per unit weight were 3-4 times higher in feces than in the basal diet, whereas, crude proteins, crude fats and nitrogen-free extract were lower in varying degrees (Table 2 ). There were no differences in these tendencies associated with sampling time. Feces collected from 7 : 00 to 11: 00 contained 22-92% more of some B vitamins than feces collected from 19 : 00 to 23 00. In comparison with dietary levels, vitamin B12 was 124-197 times higher (520-730pg/100g) 2) Animals were fed a balanced purified diet (Vitamin B 12: lOpg/kg) to determine whether or not mice could reproduce on it.
a : One dam aborted all fetuses on day 12 of pregnancy and the other two dams aborted 2 and 3 fetuses, respectively, on day 17.
b : Dams aborted all fetuses on days 9, 12, and 13 of pregnancy, respectively.
c : Three dams aborted all fetuses on day 8 of pregnancy and the other three dams aborted on days 9, 10, and 15, respectively.
Values shown are means±standard deviations, except for the incidence of abortion.' ~* : Significantly different from the controls for the respective experiments at 5 % and 1 % levels of probabillity, respectively. in feces collected between 7 : 00 and 11: 00, and folic acid in feces collected between 7 : 00 and ii: 00 was 10 times greater than in the diet.
2) Effect of a vitamin B12-fortified diet on coprophagy : On the basis of the vitamin findings, the effect of a vitamin B12-fortified diet (1, 3501c g/100g) on coprophagy was examined [61. Mean frequency of coprophagy per animal per day was 9.6 when animals were fed the basal diet, whereas the frequency was immediately and significantly (P<0.001) reduced to 3.8 after the diet was replaced by the fortified one. Coprophagy was not completely inhibited by vitamin B12 fortification, however, indicating that some nutrient (s) in feces other than vitamin B12i such as folic acid, may be of use to the host, or that coprophagy may be essentially a habitual behavior.
3) Effects of prevention of coprophagy on pregnant mice : Because proliferating tissues require vitamin B12 and folic acid for DNA synthesis and cell division [301, it may be that feces which contain both vitamins in abundance are frequently reingested during the grownth and reproductive stages as a source of these vitamins. It would be of interest, therefore, to determine whether the prevention of coprophagy during pregnancy, a time when coprophagy increases, has any effect on reproductive performance or the fetuses [121. Females were placed in restrainers [10] from day 1 through day 17 of pregnancy to prevent them from reingesting their feces. Restrained animals fed a commercial diet did not show any clear adverse effects (Table 3 ). In contrast, restrained dams fed a purified diet deficient in vitamin B12 had stillbirths (14%) and abortions (7%). Restrained dams fed a diet lacking in vitamin B12 and folic acid also experienced frequent abortions (27%). In addition, six out of 14 restrained dams (43%) aborted when fed a vitamin B complex-deficient diet. Sham -restrained animals , fed the vitamin B complex deficient-diet, but able to reingest feces trapped by smaller-mesh floors, escaped these adverse effects. Sham-restrained animals fed the commercial diet, however, showed only a slight improvement in their reproductive performance . In conclusion, coprophagy has nutritional significance as long as the diet is lacking at least B vitamins, especially vitamin B 12 and In order to ascertain whether coprophagy is an inherent behavior or not, the following experiments were carried out. 1) Coprophagy in germ-free mice : Coprophagy was observed in germ-free (GF) mice of both sexes, and the results were compared with those in conventional mice [71. The frequency of coprophagy per animal per day among GF mice was 5.1 in males and 5.8 in females. In conventional (CV) mice, frequencies were 6.2 in males and 5.3 in females, with no significant differences from GF mice. In a comparison of vitamin levels per unit weight in feces and diet in GF mice, fecal vitamin B1, BZ , B1 and folic acid were lower than in the diet. In CV mice, except for vitamin B1, these vitamins were either approximately equal or much higher than in the diet. Namely, it was shown that coprophagy in the germ-free mouse occurs even when no longer nutritionally beneficial. The fact that coprophagy was observed in GF mice suggets that the behavior is inherent in the mouse. 2) Demonstration of coprophagy as an innate behavior : Tinbergen stated in his book entitled The Study of Instinct [33] , that "The only way to find out what behavior is innate and what is acquired during individual life is to raise individuals in isolation, to observe the development of their behavior, and to study the influence of different environments upon it". Thus, twelve sucklings, while still unable to open their eyes, were treated so that their ears would not open, forcibly weaned, and reared in isolation to determine if coprophagy would develop spontaneously [11] . The onset and posture of coprophagy in the forcibly-weaned sucklings were essentially the same as in the controls. Moreover, there were no differences in the frequency or diurnal pattern of coprophagy between the forcibly-weaned sucklings and the controls at 28 days old. Based on these these results, it was concluded that coprophagy is an innate behavior in the mouse. 3) Motivation for coprophagy in the mouse : It is generally recognized that each innate behavior is released through a peculiar innate releasing mechanism. Since feces are a kind of food, it was suspected that nutrient (s) or the sense of smell is involved in the release of coprophagy. Thus, the following approaches were employed. First, the possibility that decreased absorption of fecal nutrient (s) in the plasma releases each round of coprophagy was examined [11] . If such a mechanism exists, continual oral administration of fecal suspension may reduce the frequency of coprophagy. However, neither frequency nor diurnal pattern of coprophagy was affected by such treatment. Next, the possibility that coprophagy is released when the mouse becomes aware of the existence of feces by way of the sense of smell was examined. Removal of the olfactory bulb, however, had no effect on either the release or Table 5 . Effect of prevention of coprophagy on fecal microflora a) Bacterial counts expressed as mean ±SD of log no. per gram of feces. b) Frequency of occurrence (%).
Significant difference from the counts on day 7(1) and 14(2) during coprophagy; * =P<0.05, * * =P<0.01, * * * =P<0.001 Significant difference from frequency of occurrence on day 7(1) and 14(2) during coprophagy ; # =P<0.05 frequency of coprophagy. Then, how does the appetite for coprophagy develop? Each round of coprophagy seems to begin with the entry of feces into the rectum, since the feces stretch the rectal wall and this stimulation is transmitted to the spinal cord and brain through the afferent pelvic nerves. This must be the first signal to the mouse informing it of the presence of feces to be reingested.
In other words, the presence of the feces themselves in the rectum may be the signal for each round of coprophagy, however, mice do not eat all of their feces. Mice were then closely observed again especially with regard to the relationship between defecation and coprophagy ( Table  5 , total bacteria, Bacteroidaceae, lactobacilli and staphylococci in feces were significantly decreased in number, and eubacteria were significantly decreased in frequency of occurrence, after the prevention of coprophagy.
These findings seem to corroborate that coprophagy plays an important role in the maintenance of intestinal flora in coprophagous animals.
IV. Conclusion
The above findings can be summarized as follows. 
